Solar cells are now widely used as a clean method for electric energy generation. Among various type of solar cells, we compared the ability between amorphous and tandem (amorphous and polycrystalline) silicon solar cells by means of simultaneous running test. This kind of comparison is of importance practically, because the comparison of only inherent characteristics cannot include environmental parameters such as temperature totally. It was concluded that both types of solar cells provided almost the same energy for one year. The amorphous silicon solar cell provided more energy in summer while the tandem solar cell was advantageous in winter. It is due to the fact that the decrease in energy conversion at the higher cell temperature is more noticeable in tandem solar cells.
Introduction
Solar cells are quite attractive to generate electricity without any environmental disturbance such as thermal or atomic power generation of electricity [1] [2] . The thermal power generation releases carbon dioxide during the burning of petroleum, which has been recognized as a global warming problem. The main disadvantage of solar cells is the high initial cost. But the cost will be lowered as the solar cells become popular.
There are several kinds of materials for the solar cell nowadays [3] [4] [5] . The most important and widely used solar cells are made from silicon. In the silicon-based solar cells, there are three types of solar cells: polycrystalline, amorphous and tandem solar cells. The tandem-type solar cells consist of more hetero layers stacked continuously for an improvement. Amorphous silicon is more attractive than crystalline silicon owing to its broader band gap (1.7 eV) where crystalline silicon has a 1.1 eV band gap, corresponding to the abundant light of sun shine and also easy way of fabrication process. On the other hand, the tandem solar cells consist of two layers of amorphous silicon and polycrystalline silicon for the purpose of the absorption of light in the wider spectral range than that with one kind. There is another type of a tandem solar cell that consists of an amorphous silicon layer and a micro-crystalline silicon layer [6] . Anyway, the sophisticated structure is surely more efficient in the energy conversion from the viewpoint of device performances [6] .
Since solar cells are actually used in a rigorous environment, the comparison of the characteristics in a condition-controlled laboratory makes little sense to discuss which is superior for the practical use. Then we tried the running test through one year on the two kinds of silicon-based solar cells: amorphous and tandem solar cells. In Japan there exist four seasons and temperature varies approximately from 0 up to 35˚C during a year. We then discuss the difference of properties of the two kinds of solar cells from the viewpoint of practical use.
Experimental
Both two types of solar cells, made by Kaneka co. Ltd., were installed on the top of four-story building (the latitude: 34˚41') with an angle of elevation of 5˚. Since the elevation angle is far smaller than the latitude, the installation cost can be The amorphous type has reddish brown color while the tandem type has black color.
The experiment was performed through a year to obtain the total generated 
Results and Discussion
The three temperatures (ambient, the two kinds of solar panels) and the output power of the panels are shown in Figure 2 and Figure 3 for a sunny day in May and a rainy day in June, respectively. In the 365 data, the typical set of data for sunny and rainy days are given here. The ambient temperature was fit in the Figure 2 . The one-day temperature variation of ambient air and the two solar cells. The output power variation for each cell is also shown. This is the data on a sunny day. Figure 3 . The one-day temperature variation of ambient air and the two solar cells. The output power variation for each cell is also shown. This is the data on a rainy day.
range between 10 and 30 degree Celsius. The day-to-night difference is larger in a sunny day as is clear by comparing the two figures. The panel temperature, on the other hand, was not so different from the ambient temperature in a rainy day. But it was raised up to 50 degree Celsius in a sunny day.
We next consider the output power in both days. For the sunny day output power rises just under 3 kW at noon. Though the panel temperature reaches its maximum around 15 o'clock in the afternoon, the output power is directly related to the intensity of sunlight. In a rainy day, the output power is far less than that in the sunny day, but no less than 0.5 kW was marked in the afternoon otherwise.
We consider next the monthly electric generation energy during a year depicted in Figure 4 . The data for amorphous and tandem panels are shown in the left and the right hands, respectively. Since Japan is located on the north semisphere of the earth, then in the midyear (the summer) the height of the sun is greater than that in the beginning and the end of the year (the winter) from the broad point of view. It is a peculiar point that the electric generation energy is obviously low in July and also little bit in June. It is because June and July is a typical climate which is known as a rainy season in Japan.
It is quite interesting to point out that the generation energy of the amorphous The tandem panel inherently rises in temperature because of its black color.
The two solar cell panels are equipped with a well-known air cooling system [13] [14]. Nevertheless the panel temperature rises over 50 degree Celsius. In order to avoid the disadvantage of suppressing the generation energy, the planning of the more effective cooling system is then practically attractive to boost up the efficiency of the solar panel. One idea is the water circulating cooling system, in which the temperature-raised cooling water can be used for any other purpose at the same time. From the other point of view, the temperature difference between the solar panel and ambient air may be utilized to generate electricity additionally with the help of Peltier devices. In any case, the cost for the cooling system is critical in practical use.
Conclusion
The 3 kW-class > 4.5 kW-class solar panels were examined in a running test through a year, and the amorphous silicon type and tandem type were compared experimentally in a practical circumstance. The two kinds of solar panels were given by the same company. The amorphous silicon type gives a reddish brown color while the tandem type made of two layers (amorphous silicon and poly crystalline silicon layers) gives a black color. The obtained data shows roughly that the output power is directly related to the sun light intensity regardless of the temperature. The tandem type provides more energy in winter but contrarily the amorphous type provides more energy in summer. It is assumed that the tandem type tends to rise higher in temperature and degrades the efficiency of electric energy generation.
